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Technical Field . , . -; ^ : ; • 

Background v ' , t v 

. Relevant Literature ; ' 

Griffith et a ., Trans Soc Bomat hqarv* •h-ka> a~-«u ^ . \ ■ * invesi. {1^44;, 

SUMMARY OF THE INVENTION ,^ ^ / - ; t 

DESCRIPTION OF THE SPECIPIG EMBODIMENT t . ! , ^ « : - 
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erization with fibrin formation. OpB nally, th thrombin may be added to th combined fibrinogen, collagen 
and/or buff red salt solution in the molding apparatus. 

, ^ h ^"f9^" ia y be 9 elledinma "yways.e.g..by xposur to a mildly elevated temperature in the rang 

buffered solution or addition of base. The collagen as employed may be cross-linked, using fornialin or other 
conventional agent, e.g., glutaraldehyde, as a cross-linking agent, where the formalin is combined with the col- 
lagen by, for example, immersion in a buffered formaldehyde solution from 0.25 to 10 weight % typically 0 5 
to 4 weight % Alternatively, the collagen may be cross-iinked by exposure to formaldehyde, with or without 
the presence of an acidic or basic vapor. Cross-linking may be prior to or post gellation 
/n ^T^^ *e gelation is earned out may Include a buffered salt solution, such as Ringer's solution 
- (0.15M NaC1. 0.02M CaC1 2 .and.0.02M KC1, pH ,-.8), phosphate buffered saline. pH 6.JWJ, typically 7-7 5 
• Tns-CI.etc. The ionic concentration wiB be in the range of about 0.15 to 0.4. typically 018 to 0.24 1 *' 
Dehydration may be achieved in a variety, of ways, normally under non-denaturing conditions, fhe gel may 
be allowed to collapse under the force of gravity or by application of a weight over the geMn an apparatus that 
altows the water to escape. e.g., a filter plate. Alternatively, evaporation may be employed, using continuous 
airflow, mildly elevated temperatures, a vacuum, or the (ike. Other techniques include placingthe gelled material 
over an absorbent gauze, maintaining the gel in the presence of a desiccant, or the like. 

The membrane will generally be of a density in the range of frpm 0. 5 - 50, usually about 1-5 mg protein/cn* 
The tear resistance will be at least 10 grams. , . ; - . . . • 

Other co'mpbnentshiay be included in the membrane, depending upon its application. Various therapeutic 
agents may be employed, such as biocides. particularly antibiotics, bactericides, and growth factors, where the 
agents may modulate, e.g., enhance or retard, tissue regeneration and growth. These components will gener- 
ally be present in conventional amounts to provide therapeutic: effect 

Other structural molecules and materials may be added to alter the mechanical properties of the basic ma- 
tenaJ. These may include calcium phosphate mineral containing compositions, such as bone powder hyd- 
roxylapatite; tricalcium phosphate, etc.. naturally occurring jstiWtuTai. polymers, such as elastin. laminin; actin 
etc., synthetically produced amino acid polymers, particularly associated with structural polymers; such as silk! 
keratin, spider silk. etc.. naturally occurring polymeric, materials other than amino acids, particularly polysac- 
chandes, such as hyaluronic acid. etc. These additives shall not exceed 50 weight %. usually not exceed 20 
we.ght %. more usually not exceed 5 weight %. Other materials may be added to enchance drug release proper- 
ties such as liposomes, gelatin, polysaccharides, etc 

The subject compositions find a variety of uses, such as . hemostatic wound dressings, hemostatic tempor- 
ary skin grafts, pressure bandages, dressings, and anastpmofc.splints.. particularly when dried in a stretched 
configuration and allowed to shrink to the original configuration when wet /.n,., \. : . • 

' Alternately, the gel rn^.be.used 'as.fprmed or.shapedirito* desireable configuration. These might find 
use as wound dressings, tissue modifiers, tissue fillers, hemostatic agents,- tissue. growth modulators, tissue 
separators or drug delivery implants. 

The subject membranes are characterized by being able to be.formed in a stretched configuration after 
molding by tension. Upon wetting, shrinking of from about 5 to 50% of the original volume is obtained. The mem- 
brane may also serve as a depository for drugs. The protelnaceous nature of the membrane allows it eventually 
-to be absorbed, to aid in vascularization and angjogenesis at the wound site, and to act as a scaffolding' for 
bssueremodeling or act as a b^er to prevent tissue growth. as in adhesions secondary to surgical procedures 
The following examples are offered by Blustration and not,by way of limitation. ■ 

EXPERIMENTAL . " /; ' ^ U' ' ' ■-' 

Production Methods: ,c ' !; ' '• : 1 "' ; 3! ' : • 

The methods listed below are used to produce membranes of about 3 mg protein/cm2 density This is a 
useful density to produce compliance in collagen membranes. j. . 

Fibrin'source is lyophittzed bovine fibrinogen from Sigma Chemical Co. (#F4753) dissolved in non-lactated 
Ringer's solution at a protein concentration of 3 mg/ml. Attematively. citrated plasma from a variety of sources 
e.g., human; bovine, porcine, etc. may be used fin ^ the place of the fibrinogen solution. 

1. Fibrin-Alone 



a. 150 mg fibrinog n + 50 ml Ringer's @ 37°C or 50 ml of citrated plasma. 

b. mix on stir plat until fibrinog n is dissolved. 



EP 0 485 210 A2 



10 



25 



30 



35 



40 



c. cod solution to 4°C (optional). 

d. pour into mold apparatus. 



e. add l dropwis 8-10 NIH units thrombin (100 unit/ml water solution) 

f. mixbygentl swirling. 

g. warm to room temperature or 37'C for at .east 2 hours, leave in laminar flow hood overnight; 



compress gel by using a weight; 
or 

leave as is. 
2. Fibrin + insoluble collagen fibrils,. 1:1 w/w 



a. 75 mg fibrinogen + 25 ml Ringer's @ 37°C. 

b. mix on stir plate untilfibrindgerY is dissdved/ : 

15 c. cool to 4°C (optional). , - •■ ,?> h 

e SHn2 *^ ^ "* * 3 35 Solution). 

e. mix on stir plate, pour into mold apparatus. 

f. add 8-10 NIH units thrombin, dropwise. ? 

20 9 * war ^ r t0 room temperature or 37°C, leave in laminar flew hood overnight; ^ 

compress gel by using a weight; ^ , - * c " 
or 

leave as is. : "* ■ 



3. Fibrin + Acidic Collagen Solution (ACS) 

a. 75 mg fibrinogen + 25 ml Ringer's © 37^; ■ ' 

b. mix on stir plate until fibrinogen is dissolved, 

c. cool to 4°C (optional). . ^ 

d. (75mg)25mlASC@4X + 2.5mM0XPBSmixe^onstirplate 

e. mix fibrinogen and collagen/buffered salt solutions on stir plate ' ' 

f. pour mixture into mold apparatus: ? 

g. add 8-10 NIH units thrombin dropwise. 

h. mix by gentle stirring. 

L warrnto room temperature, incubate 2 hours @ 37'C, leave in laminar flow hood overnight; 



compress by using a weight 

4. Plasma Membrane v 1 ; 5 ^ 

a. pour 50 ml citrated plasma @4°C into mold apparatus 

b. add 8-10 NIH units thrombin dropwise. 

c. mix by gentle swirling. s " , o 

d. warm to room temperature or 37°C for at least two hours ^ - 

e. leaveto laminar flow hood overnight, or compress gel by weight, dessication, etci 

45 leave as is. - - 

Properties of the Product , : 

The properties of the products are described in the following table: ! 
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Tabl 1 

Tear Resistance* of Pibrin/Collagen Kembraneb 
Material Description Tear Resistance (gransja 



3. 



1» fibrin alone " " 

'° 2 i.i *«w , 17.6*4.7 
2. 1*1 fibrin + ASCe (x-i lnJc) d . 13" 4*0 "s 

1«1 fibrin + insoluble collagen fibrils 34.' 3 *6*o 
a. Tear resistance is defined as the 
weight in grains needed to pull a : 
loop of 4-0 nylon suture through a 
membrane Bample immersed in 

Phosphate Buffered saline (PBS) 
(room temp., pH 7.4). The suture is ! 
threaded 5 mm from the edge of the 
membrane sample. (Values are±lSD) 
>. material protein density, 3 mg/c»2 
all composition ratios; are w/w 
d. cross-linJc agent - 4% neutral 
ao buffered formalin. ... , , 

e * ^ " ( 3mg/ml bovine^ collagen in 

0*012 M HC1) (pH=2). ... „"_' s ' ^ 
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In Vitro Cell CompaUbiity Study . . o - : * 

^^^^^ ^^ogeo. titrated 

(polystyrene) was usS^TSZ #°*™'<*>»*9™ "Pon cel. growth. The bottom of the cel. culture well 

i:ii e rri^ 

parts acid solubilized c*\£™* e rJ n< Zi ^hl 9 9 31 ^ °" e 10X PBS ^ added to 9 

of test materia, was p£^^£Z^£T IT*. JIT* 38 P ' eVi0US,y described " A totai of 3 ml 
containing s^utionsaTatnr^ 

test wells and mixing any added thrombin by SZSlTS^" . P ^ n " 9 ** mKed SO,Utions into »• 

Three ml of ^nLL«^^^S tlSS "J ^ i " CUbated at 37 ° G for2 houre - 
v^l. 10a trypsinized rabbHfibroWaT^d^^ 

24 hours, then every 48 hours afterwardV T^Zl Z~ ? ^ ^ 11,6 media was chan 9 ed «** 

nique was utilized 7or a.i pr^rTrt ^..s wereTan^^^^^ 

.ce^a^rbrrr 1 bespindi 

ri ng^enlt;ni r r WaS,,,ndt " W « controls; confluent spind. shaped cells cov- 
Pfasma: mostly spind. shaped cefls with confluent growth war found; «25% ceHs wer individual with 
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dndribc growth. Incomplt cov rag ofth surface was noted. A few dead cells were f und 
control = fibrin > plasma/collagen > plasma > collagen > fibrin/collagen 



Claims 

forming an aqueous composition comprising fibrinogen with 0 to 3 parts by weiaht of coll™™ M 
polymerising the composition to form said proteinaceous membrane. 

3. A method as claimed in claim 1 or Cairn 2, wherein the weight ratio of fibrinogen to coilagen is 10 5 to 1 

6 
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pathog nic infection. 

9, A niembrane as claimed in claim 7 comprising at I ast ne ag nt for modulating tissue growth. 

s 1 0. A membrane as claimed in any one of claims 7,8 or 9, which comprises in an amount to enhance mechani- 
cal properties at least one of a structural protein, a calcium phosphate mineral, hyaluronic acid, bone pow- 
der or a synthetic amino acid polymer.' 
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